Smoothing pseudo ranges with ionosphere-free combinations of phase ranges can be useful for long rang positioning, since this new smoothing process can significantly remove the effect of ionosphere delays in positioning applications. The smoothing process can be conducted without being affected by cycle slips, though it uses phase ranges. Therefore, it can provide a robust precise positioning solution which is not affected by cycle slips. The multipath effects may also be reduced, if the averaging interval taken is long enough. If the low frequency noise components and the hardware biases in pseudo ranges are reduced, the positioning performance with the smoothed pseudo ranges may be promising. In future GNSS receivers, both the noises and the hardware biases in pseudo ranges will be significantly reduced. Then, the positioning based on the proposed algorithm will be very useful.
INTRODUCTION
Generally speaking, smoothing pseudo ranges by phase ranges will be impacted by ionosphere delays. However, if we smooth pseudo ranges by ionosphere free combinations of phase ranges, the smoothing is not affected by ionosphere delays. So, it may eliminate the systematic errors in the pseudo ranges significantly. This feature can be utilized for long baseline kinematic positioning.
Since the phase ranges are used in the form of the differences of successive observables, the cycle slips may be detected and thus, their effects may be eliminated during the calculations. So, we can make a robust algorithm which is not affected by cycle slips. Furthermore, the multipath effects may also be reduced, if the averaging interval is taken long enough.
However, the hardware biases in the pseudo ranges may affect the positioning result. The canceling or elimination of such biases by hardware or by software is important. In future GNSS receivers, the noises and the biases will become much smaller, and therefore, positioning with the pseudo ranges smoothed by the ionosphere free combination of the phase ranges can be promising.
THEORY
In the following discussions, the ionosphere free combinations of the pseudo ranges are used. This may be useful in long baseline positioning. However, in the case of the short baseline positioning, A C (or below) code itself would be more convenient, since the ionosphere delays may be small in this case, if the differential positioning is used. 
)
We apply a smoothing or low pass filter (Misra and Enge, 2001 ): M is a parameter determining the weights of the pseudo and phase ranges, since
The baseline lengths, dr(CI), dr(C1) and dr(P2), obtained by using , and are shown in Figure 1 . As can be seen in this figure, seems to be rather noisier than we expect for the present GPS where wave is not allowed for civil use originally. In future GNSS, the noises in pseudo ranges will be significantly reduced. 
NUMERICAL EXAMPLES

RESULTS FOR JAPANESE DATA
The data were obtained by GEONET (http://terras.gsi.go.jp/ja/index.html). The stations are Sapporo (Sppr) and Ichikawa (Ichk), and the baseline length is 818216.61m. The date and time of the observation are 2002.12.06 and 00:00:00-02:05:00 (GPS time), and the epoch is 30sec. Data for satellites 5, 6, 14, 25 and 30 were used. M in equation (3) is assumed to be 30, 60 and 120 epochs. The troposphere delays were corrected by Saastamoinen model with the standard condition, and the precise orbits were used. The effects of the troposphere delays and the accuracies of the orbits are to be briefly discussed in section 3.3 below. The effects of the troposphere delays are rather big, but the accuracy of the orbits is not so important since the precision of the positioning is at the decimeter level. becomes more slowly varying (to appear to be constant).
This corresponds to the ambiguity in the phase range. ( ( 25) - ( 14) ) ( ( 25) - ( 14) ( ( 30) - ( 14) ) ( ( 30) - ( 14) (blue) and ( ( 25) - ( 14) ) ( ( 25) - ( 14) (blue) and . However, a rather big value for
M is required to suppress the low frequency components. In future GNSS system, the situation would be improved. A summary of the positioning results is given in Table 1 . , and the observation time is 0:00:00-2:00:00, and the data for satellites 1, 6, 7, 16 and 31 were used. The ionosphere was active on Dec. 6, 2002, but rather quiet on Nov 6, 2006. So, the effects of the ionosphere delay on the positioning are rather small as shown in Figure 6 and Table 2 . The results by the present method are better than those obtained by using C1-ranges, but the differences are small. Next, the data of 0:00:00-1:30:00 on Nov. 6, 2006 were analyzed with . The data for satellites 3, 7, 14, 15 and 21 were used. The means and the standard deviations were obtained in an interval between 0:30:00 and 1:30:00. The results are shown in Figure 9 and Table 4 . Better results were obtained by using the CI-Smthd ranges, though the ionosphere was not so active compared with that on Dec. 6, 2002. 
EFFECTS OF THE TROPOSPHERE DELAYS AND THE ACCURACIES OF THE ORBITS
The effects of the troposphere delays and the accuracies of the orbits are briefly discussed below. The static positioning results for Dec. 6, 2002 and those for Nov. 6, 2006 are compared in Table 5 . Rather big differences exist for the baselines DarwAlic, DarwCedu and Tow2Darw. Although these differences do not affect the validity of the present theory, the reason is discussed below. More detailed comparisons are given in Table 6 , where TO means troposphere and orbit and 1 and 0 mean the corresponding correction is on and off. As can be seen in Table 6 , the effects of the troposphere delays are rather big, but those of the accuracies of the orbits are not so significant for the positioning at the decimeter level accuracy. And when the troposphere delays are neglected, the residuals of the observation equations become large. The accuracies of the estimations for troposphere delays may be responsible for the rather big differences in Table 5 , and the more realistic estimations for the troposphere delays may improve the accuracies of the positioning results. Figure 10 shows the positioning results for the baseline Tow2 (Townsville) and Yar2 (Yarrangadee). The date and time of the observation are Nov. 6, 2002 and 0:00:00-2:00:00. The data for the satellites 3, 7, 14, 15 and 22 were used with 60 M . Unfavorable results were obtained in this case. A comparison of the baselines obtained from the pseudo ranges and and the phase ranges and are given in Figure 11 . As can be expected from the observation equations where the magnitudes of the ionosphere corrections are equal but the signs are opposite between the pseudo and the phase ranges, the baseline length obtained from the pseudo ranges should be symmetrical with respect to that obtained from the ionosphere free combination as shown in Figure 12 corresponding to Figure   8 (d). However, the results in Figure 11 violate this rule. So, we may conclude that the pseudo range may contain significant errors. In future GNSS, will be measured more precisely, and the situation will be improved much. 
UNFAVORABLE RESULTS
The baseline length by dr 
CONCLUSION
A new positioning method for long baseline with dual frequency receivers is proposed. The method is based on the pseudo ranges smoothed by ionosphere free combinations of phase ranges. Since the smoothing is not affected by the ionosphere delays, the random errors in the ionosphere combinations of the pseudo ranges can be significantly eliminated as shown by the numerical examples. The smoothing may not be affected by the cycle slips, though the phase ranges are used. However, the low frequency noise components and the hardware biases in the pseudo ranges affect the positioning results. If the low frequency noise components and the hardware biases in pseudo ranges are reduced, the positioning by the smoothed pseudo ranges discussed in the present paper may be very promising. In future GNSS, the low frequency noise components and the hardware biases will be much smaller. Then, the positioning with smoothed pseudo-ranges will be very convenient and useful for many applications such as vehicle controls, since it will not be impacted by ionosphere delays (or independent of baseline
